Pemphigus is an autoimmune blistering disease characterized by cutaneous and mucosal blisters and erosions. Though systemic corticosteroids have been the mainstay of treatment for pemphigus over the years, more recently research has focused on steroid-sparing agents. This review looks at the commonly used steroid-sparing agents in pemphigus and the evidence from randomized controlled trials (RCTs) supporting their use.
Introduction
Pemphigus is an autoimmune blistering disease characterized by blisters and erosions on the skin or mucosal membranes or both. The two main types of pemphigus are pemphigus vulgaris (PV) and pemphigus foliaceus (PF). In most countries, PV accounts for about 70% of all cases of pemphigus, presenting with skin or mucosal symptoms or both. PF, on the other hand, accounts for about 20% of cases in most countries, where there are not endemic forms of PF, and presents only with skin manifestations [1] [2] [3] .
Because pemphigus is an autoimmune disease, immunosuppressive agents have been employed to control and manage the disease. Since the advent of systemic corticosteroids, the mortality associated with pemphigus has reduced from 90% to 10% and is now usually related to complications of treatment [4, 5] . Steroids are still the mainstay of treatment, usually used at high doses initially to get the disease under control and then in conjunction with a steroid-sparing agent for maintenance. Because of the side effects associated with long-term systemic corticosteroids such as hypertension, diabetes mellitus, osteoporosis, and ocular complications, a lot of the recent research in pemphigus has been directed at finding the optimal steroid-sparing agent.
Though many treatments have been tried in the management of pemphigus, often demonstrating clinical benefit in individual case reports and case series, the evidence supporting their use has not been confirmed in RCTs. This is due to the rarity of the disease in most countries where RCTs have been performed and difficulty in recruiting patients, resulting in underpowered studies. A recent Cochrane Review comparing treatments for pemphigus found significant heterogeneity amongst the RCTs with respect to the study designs, primary outcome measures, and therapeutic end-points. Such variation prevented the authors from performing direct comparisons and a meaningful meta-analysis [5, 6] .
To solve this problem of variation between studies, a panel of international bullous experts convened on many occasions to form a consensus paper on the definitions of disease and therapeutic end-points for pemphigus [7] . The goal of this consensus paper was to facilitate researchers and clinicians to design studies with similar study end-points so that even if an RCT was underpowered, its data could be used in conjunction with other similar studies in a meta-analysis. It is hoped that in the coming years the RCTs will incorporate the endpoints and definitions from the consensus paper in their study designs so that meaningful comparisons and meta-analyses can be performed.
Therapies used in pemphigus Main Text
This paper looks at the evidence from RCTs that have assessed treatments for pemphigus. As mentioned above, systemic corticosteroids are employed as first-line treatment with lower doses used as maintenance. Though higher doses (120 mg/day) result in a more rapid control of disease than lower doses (60 mg/day), there is no evidence that the higher doses are beneficial in the long term [8] . Therefore, it is recommended that 1 mg/kg per day be the initial dose for managing pemphigus. Steroidsparing agents are introduced immediately if safe to do so (for example, after normal results from a thiopurine s-methyltransferase [TPMT] test). Once consolidation has been achieved in accordance with the Consensus Definitions for Pemphigus [7] (that is, disease progression has been halted), a slow standardized tapering of corticosteroid is commenced over about a 4-month period, which we term the Werth taper [9] . Steroidsparing agents are employed to reduce the cumulative exposure and side effects associated with long-term steroid use. Such agents include azathioprine, mycophenolate mofetil, intravenous immunoglobulin (IVIg), rituximab, cyclophosphamide, methotrexate, and cyclosporine.
One of the main steroid-sparing agents used in PV is azathioprine. An RCT comparing a combination of prednisolone plus azathioprine to prednisolone plus placebo in 56 patients with newly diagnosed PV found no statistically significant difference between the 2 groups after 1 year of treatment. azathioprine, however, had a significant steroid-sparing effect [10] . The steroidsparing effects of adjuvants were also demonstrated in another RCT, which showed similar efficacy with azathioprine, mycophenolate mofetil (MMF), and intravenous cyclophosphamide [11] . The steroid-sparing effect was demonstrated only when all three agents were pooled together as one group.
Because of the similarities in efficacy and side effect profiles, clinicians often use azathioprine or MMF as first-line therapy. No study has been able to prove one to be more effective than the other [11] [12] [13] . Though MMF is a steroid-sparing agent that is safe and effective [14] , a recent RCT was unable to demonstrate clinical benefit in adding it to steroids in terms of outcome at one year, but in subanalysis it had benefits at other time points [15] . RCTs to date have failed to show a beneficial effect of cyclosporine in the management of pemphigus. One study [16] compared cyclosporine plus steroids, cyclophosphamide plus steroids and steroids alone. Remission and relapse rates were similar in all three groups, and there was no clear benefit of using a combination treatment. In fact, they noticed more side effects in the combination groups compared with using steroids alone. Another RCT was unable to demonstrate an advantage of adding cyclosporine to systemic steroids [17] .
A multicenter RCT comparing various doses of IVIg found patients treated with a higher dose of IVIg had a better outcome [18] . Patients received one of three doses: 0 mg/kg per day (placebo infusion), 200 mg/kg per day, or 400 mg/kg per day. There was a dose-response relationship with more patients benefiting from the higher dose and objectively this correlated with lower desmoglein (dsg)-1 and dsg-3 autoantibody titers. Adverse events were similar between the three groups. Another IVIg study also showed a beneficial effect in pemphigus [19] . The limitation of these studies was their short-term follow-up, so that relapse rates could be compared with other options.
Rituximab, an anti-CD20 monoclonal antibody, is effective in recalcitrant pemphigus and is typically prescribed for patients who are unable to taper steroids without flare of their disease or in patients who are still flaring despite combination therapy (steroids + steroidsparing agent). Rituximab is associated with a reduction in autoantibodies (dsg-1 and -3) and B cell depletion. It is administered 375 mg/m 2 once/week for 4 consecutive weeks. The clinical benefits are noticed within 2 to 3 months of infusion and can last years [20] . One study found that the combination of rituximab for 3-weeks and IVIg for the fourth week followed by maintenance monthly rituximab and IVIg results in rapid clinical resolution, steroid cessation, and prolonged remission [21] . Another study found similar response and relapse rates with rituximab alone [22] .
Despite case reports suggesting a potential role for cyclophosphamide in pemphigus treatment, benefits have not been reproduced in RCTs [16, 23] , not even for cyclophosphamide with pulses of dexamethasone randomized against prednisone with azathioprine [24] . There are some issues with the design of this RCT, with modifications of the cyclophosphamide treatment arm compared with the original protocol and timing of cyclophosphamide doses and cessation of treatment.
In clinical practice, there is reservation from clinicians and patients using this medication given the potential long-term side effects of infertility, bladder cancer, and hemorrhagic cystitis, although these adverse effects have not been demonstrated in pemphigus RCTs. Nevertheless, the lack of level 1 evidence and the potential harmful side effects make cyclophosphamide a secondor third-line steroid-sparing agent. It is typically not considered unless alternative therapies have failed and should not be used on young patients unless they were not planning on having further children. Clinicians should also be aware of the potential cardiac adverse effects of pulsed cyclophosphamide [25, 26] .
There are no RCTs assessing the efficacy of methotrexate. Hence, further evidence is required to attest to the benefit of this modality in treating pemphigus.
Although the long-term efficacy of many of the therapies in pemphigus has not been evaluated in studies, it has been noted that 60% of patients with severe pemphigus treated with rituximab were in long-term remission of 6 years [27] . In comparison, the remission rates for patients managed in the Ratnam 5-year study were 36% (4/11) with a dose of 120 mg/kg per day and 9% (1/11) with a starting dose of 60 mg/kg per day.
Rituximab has not been officially approved by the Food and Drug Administration or European Medicines Agency for pemphigus, although there are reports of success with its off-label use. IVIg is approved for relapsing and recalcitrant pemphigus by Medicare and the blood bank/official funding agencies of various countries and has also been approved by the Therapeutics Goods Administration in Australia.
Conclusions
Systemic corticosteroids are the mainstay of treatment for pemphigus. Much of the recent research has been assessing the efficacy of steroid-sparing agents, most commonly azathioprine, MMF, Rituximab, methotrexate, IVIg, and cyclophosphamide.
Although strong evidence in the form of RCTs is lacking, it does not mean that these systemic treatments are ineffective. Because of the rarity of the disease, studies are often underpowered and fail to demonstrate a statistically significant difference between the active and control groups. The evidence to date indicates that adding an adjuvant to steroids has a significant steroid-sparing effect, reducing the cumulative exposure to steroids. Azathioprine and MMF are often considered first-line therapies for PV with good improvement. Rituximab is beneficial in patients who have poorly controlled disease despite high-dose steroids or steroid-sparing agents (or both) or are contra-indicated for receiving steroids. IVIg in short-term studies is effective for recalcitrant cases but its duration of treatment needs further investigation.
There is no doubt that further research with larger RCTs is required. As more studies incorporate the definitions of disease and therapeutic end-points of the recent consensus statement, it is hoped that valuable and meaningful meta-analyses will provide more definitive answers.
